Abstract: Advanced wheat genotypes were tested for agronomic as well as grain iron and zinc content traits. The analysis of variance indicated variation for all traits except iron (Fe) and zinc (Zn). The grain Fe content ranged from 39-58 mg/kg whereas grain Zn ranged from 32-47 mg/kg among the tested lines. A significant positive correlation (0.45) was observed between grain Fe and Zn content. There was no association between yield and grain Fe and Zn content indicating that improvement in these micronutrients will not have any undesirable affect on yield. The data was further analysed for principal component analysis and genotype by trait association. The first five principal components viz., PC1 (0.3149), PC2 (0.2198), PC3 (0.1461), PC4 (0.10) and PC5 (0.0923) accounted for 0.87 of the total variation. The major traits contributing to the PC1 are days to heading, days to maturity, grain iron content and yield. The cluster analysis revealed significant variation among the tested germplasm thus providing opportunities for increasing the micronutrient content along with yield through hybridization with high micronutrient content lines.
INTRODUCTION
Wheat is widely grown cereal crop occupying around 17% of the world's total cultivated land and a staple crop for 35 % of world's population. Wheat like other staple cereals contains low levels of iron and Zinc . During the last 50 years breeding, efforts are mainly focussed towards increasing food production and countries became self sufficient from satisfactory dietary intake of staples but deficiency of Fe, Zn and vitamin A were widespread (Cakmak, 2008) . Micronutrient deficiencies particularly of Fe and Zn are becoming a worry where wheat is consumed as staple crop particularly in developing countries. Biofortification through conventional and modern breeding approaches can address these problems in a cost effective manner as other approaches like supplementation, fortification, agronomic fortification etc. adds additional cost for fortification (Velu et al., 2014) . Wheat is staple food of south Asia and its consumption by an individual is around 100-150 g/day (Joshi et al., 2010) . Increasing micronutrient concentration in seeds requires the availability of sufficient variation of these nutrients in seeds. Wide variation for iron and Zinc has been reported by several authors in different studies (Graham et al., 1999; Morgounov et al., 2007; Rawat et al., 2008) , but the availability of micronutrients in modern day varieties is partial. Wild relatives of wheat like Triticum boeoticum, T. monococcum, T. dicoccoides, Aegilops tauschii, and Ae. speltoides have been evaluated and found to be promising donors for Fe and Zn (Cakmak et al., 2000; Monasterio and Graham, 2000; Chhuneja et al., 2006; Rawat et al., 2008) . Cakmak et al., (2000) identified T. dicoccoides having both high concentration and range of variability for Fe and Zn. High yielding and micronutrient nutrient rich wheat genotypes can be developed by genetic manipulations, since seeds could reach a larger number of people without necessarily changing consumer's behaviour (Ortiz-Monasterio et al., 2007; Cakmak, 2008) . Correlation analysis helps to identify effective traits in order to make indirect selection for selecting superior genotypes. On the other hands, principal component analysis is suitable multivariate technique in identify and determination of independent principal components that are effective on plant traits separately. Therefore, correlation and principal component analysis help in the genetic improvement of traits such as yield that have low heritability specifically in early generations via indirect selection for traits effective on this (Beheshtizadeh et al., 2013 ). An International group, HarvestPlus aimed at developing new plant genotypes with high micronutrient concentrations of micronutrients utilizing both landraces and wild crop relatives and supplies fixed breeding material to associated partner countries (Velu et al., 2014 
MATERIALS AND METHODS
Plant material: The plant material consisted of 50 wheat genotypes of which 47 genotypes were numbered (HP404-HP450), one local check DPW 621-50 and two international checks BAJ#1 and MUNAL#1 (Table 1) received from CIMMYT, Mexico as 3 rd HPYT. The genotypes which are used in this study were having T. dicoccum and Aegilopes squarrosa in their pedigree which are identified donors of high Fe and Zinc. These 50 genotypes were tested in randomised complete block design with two replications at ICAR-Indian Institute of Wheat and Barley Research, Karnal Haryana (Latitude 29˚ 43'N, longitude 76˚ 58'E and altitude 245m) during 2012-13. Genotypes were planted in plots (6 rows of six metre with a row spacing of 20cm). All the package of practices were followed for raising the wheat crop. Data was recorded for the days to heading, days to maturity, plant height, grains/spike, thousand grain weight and yield. Micronutrient sampling and analysis: Before harvesting, 50 spikes from each plot were plucked and threshed manually using wooden sticks in cotton bags. Cleaning of grains was carried out in plastic trays and a random sample of each genotype was taken for Fe and Zn estimation. Fe and Zn estimation was carried out using, an Oxford Instruments X-Supreme 8000 (XRF) fitted with a 10 place auto-sampler holding 40 mm Al cups. For each sample, Al cups were prepared using fresh Poly-4 film and cups having samples were shaken to distribute grains evenly (Paltridge et al., 2012) . 
RESULTS AND DISCUSSION
The present study was carried out for evaluating the 50 wheat genotypes for yield potential, character association, cluster analysis and principal component analysis and the results obtained were presented as below. Analysis of variance: Analysis of variance indicated variation in almost all the traits days to heading (DTH), days to maturity (DTM), plant height (PH), grains per spike (GSPK), thousand grain weight (TGW) and yield except iron (Fe) and Zinc (Zn) ( Table 2 ). Most of the genotypes were comparable to the check varieties ( 
(1818g).
A wide variation range of 40mg/kg (HP424) to 58mg/ kg (HP404) with a mean of 46 mg/kg was observed for Fe among the tested genotypes. The check variety BAJ#1 had 45mg/kg Fe as compared to other two checks DPW 621-50 (42mg/kg) and MUNAL#1 (41mg/kg). Similarly for Zn, a variation range of 33mg/kg (HP439) to 48mg/kg (HP408) with an average of 40mg/kg was observed among test genotypes. The local check DPW 621-50 had lowest Zn (36mg/ kg) as compared to international checks MUNAl#1 (37mg/kg) followed by BAJ#1 (40mg/kg). However, the differences among genotypes were found nonsignificant for both Fe and Zn. Different studies showed wide variation for grain Fe and Zn content (Oury et al., 2006; Zhao et al., 2009; Velu et al., 2011; Badakhshan et al., 2013) Badakhshan et al., (2013) . The mean, range, coefficient of variation and Heritability estimates were given in Table 2 Graham et al., (1999) , Welch and Graham (2004) and Velu et al., (2012) . However, few reports revealed slightly negative correlation between Zn and grain yield in wheat (Zhao et al., 2009; GomezBecerra et al., 2010) . The PCA analysis indicated that the first five components (PC1, PC2, PC3, PC4 and PC5) explained maximum cumulative variances of 0.8747% are important (Table 6) . Among all PCs, the first PC (0.3149) contributed maximum to the total variance. The major traits contributing to the first PC are DTH, DTM, Fe and Yield. Similarly for second PC, Yield, HT and GSPK were the major contributors. TGW, GSPK and DTM were the diversity contributor traits in the third PC. In fourth PC, max variation was explained by height followed by iron. In the last fifth PC, the maximum variation contributors were Zn and TGW. The biplot explains the relationship of 50 wheat genotypes with component traits (Fig. 1) . Across the 50 genotypes, grain yield was positively associated with GSPK, DTM, GSPK, HT, TGW and Zn and negatively with Fe.
Cluster analysis:
The mean values of clusters are presented in Table 5 . The dendrogram constructed using STAR version 1.0.2 revealed two major clusters I (with two sub clusters Ia, Ib) and II (with two clusters IIa and IIb) (Fig. 2) . Sub-cluster Ia consists of eleven genotypes viz., HP424, HP425, HP432, HP437, HP429, HP430, HP413, HP440, HP441, DPW 621-50 and MUNAl#1. This cluster represents the tall genotypes (93-106cm) having yield range (1383-1850g) accompanied by lowest Fe (44mg/kg) and Zn (38mg/ kg) grain content among all sub-clusters ( Table 6 .
Conclusion
In this study, genotypic variation was found among all the tested genotypes the genotypes for different agronomic traits. The variation for Zn (32-57 mg/kg) and Fe (39-58 mg/kg) was observed among the entries. Genotypes having high Fe and Zn grain content along with yield comparable to checks were identified indicating that these lines can be utilized for breeding high micronutrient genotypes.
